The radiation coherently emitted by a high energy bunched beam suffering an arbitrarily large disruption in a collision with an idealized undisrupted beam is calculated. The near-luminal velocity of the beam-such that the emitted radiation moves very slowly with respect to the bunch-implies that only a small part of the bunch radiates coherently and necessitates a careful treatment of the disrupted beam phase space during emission. The angular distribution and spectral density are presented. It E(Rn, t) = NR[dp dr p(r,p;t'
The radiation coherently emitted by a high energy bunched beam suffering an arbitrarily large disruption in a collision with an idealized undisrupted beam is calculated. The near-luminal velocity of the beam-such that the emitted radiation moves very slowly with respect to the bunch-implies that only a small part of the bunch radiates coherently and necessitates a careful treatment of the disrupted beam phase space during emission. The angular distribution and spectral density are presented. It is found that most of the radiation is at wave lengths greater than or equal to the bunch length and that the total energy lost by the beam due to coherent effects should be negligible in high energy -high luminosity linear colliders. Energy Loss and Angular Distribution: A sufficiently dense bunch may be expected to beamsstrahlen1 coherently. A reasonably exact criterion for and characterization of coherent Beamsstrahlung can be obtained by studying the case of a strong-beam -weak-beam collision in which a strong beam disrupts a weak beam of identical charge distribution but is itself (artificially) undisrupted. In the high energy limit the particles of the weak beam are then subjected to transverse harmonic accelerations which are focusing in both planes. The radiation field in the direction n at distance R at time t is2 E(Rn, t) = NR[dp dr p(r,p;t') (n-v) 
B n x E (1) where p(r, p; t') is the bunch's phase space distribution at the retarded time t', v = p/m-y, and vi = -ri/,B12 (i -x,y), aZ -vI y I. The z-axis is taken as the bunch's mean direction of motion and p3i parameterizes the strength of the electromagnetic field due to the strong bunch. Note the inclusion in the form of t, of the leading correction to the paraxial approximation-its importance will emerge below. The retarded time is a function of the phase space variables according to t ' = n -r + t -R, and one may envision the integration over the latter as moving through the beam with the wave front of the accumulating radiation, taking into account the evolution of the distribution as the collision progresses. The phase space coordinates may be formally regarded as particle dynamical variables at time t' which may then be subjected to a canonical transformation relating them to their initial values. The invariance of the distribution function then allows its replacement by its value prior to the collision, so that in the special case of round bunches with zero emittance Ne f(nd-v)n-n - (1-(nv) 
(in which we use the fact that we expect the angle between the radiation and the beam axis to be very small). The latter eliminates all explicit zo dependence in (2) and exposes a crucial physical point, viz.: t will vary between 0 and tmaz x 7r/2, but n-yv 1-v2/2 : 1 so that the range in zo, i.e., the effective bunch length over which the beam radiates coherently, is very short-O((bo/13)2) of the total bunch length. It is also clear that this obtains since, inasmuch as vl -+ 1, the emitted wave front is nearly co-moving with the bunch and hence moves through only a very short portion of it during the collision. We define: n = (sin 0 cos , sin Osin p, cos 0), and VI = sgn (tan t/p) ivIi, the latter period-7r function describing the betatron oscillations occurring at a fixed value of po. The factor in the denominator in (2) then becomes (1-n.v) [ (15) is plain a value < 1 indicates the presence of destructive interference such that the actual radiation loss is smaller than its 'incoherent part' (note that (7) in principle includes the incoherent contribution--plus 'cross' terms). The E -field due to a particular particle flips sign as the particle crosses the beam axis (cf. (6) ), engendering considerable destructive interference (from different particles) which increases with D (more axis crossings). However, the present calculation makes the fundamental approximation of treating the bunch as a continuum an idealization that certainly breaks down if the effective coherentlyradiating bunch length, which we have seen to be a very small fraction of the total, turns out in reality to contain less than one particle. The fact that even for fairly small values of the disruption parameter, such that little destructive interference can be taking place, the value of the ratio is S 1, indicates that within the parameter range of interest the latter situation indeed is the case and the formulae given here actually overstate the amount of coherent radiation. It is a pleasure to thank Alex Chao (who suggested this work), Albert Hofmann, Bob Noble, Ron Ruth and Jim Spencer for useful discussions.
